Effect of Mo on phase separation behavior of Cr in Fe-40 at%Cr-Mo ternary alloys was investigated with use of a model based on the CahnHilliard eqaution. Simulation result indicates that the addition of a small amount of Mo to an Fe-40 at%Cr binary alloy was found to accelerate phase separation. With addition of small amount of Mo up to 5 at%, the rate of phase separtion concentration of Cr along the trajectory of its peak top increases with time. Mechanism of this acceleration behavior of Cr was analyzed by using a theory on asymptotic behavior of substitutional element in ternary alloy proposed by the present authors.
Introduction
Control of microstructural evolutions associated with phase separation is important for materials design of Febased alloys. Nanoscale microstructures resulting from heat treatment sometimes deteriorate properties of Fe-based alloys. For example, the ferrite phase in duplex stainless steels is thermomechanically unstable at service temperatures and hardens and embrittles due to the formation of modulated structure via phase separation. 1) Behavior of phase separation in ternary alloys 2) is known to be different from that of binary alloys. According to numerical simulations of phase separation in Fe-Cr binary and Fe-Cr-Mo ternary alloys by Suwa and Saito, 3) the addition of Mo to the Fe-Cr binary alloys accelerates decomposition. Figure 1 shows variations in the average areas of the Cr-rich phases in an Fe-40 at%Cr binary alloy and an Fe-40 at%Cr-5 at%Mo ternary alloy with time. This figure indicates that the decomposition of Cr in the ternary alloy is faster than that in the binary alloy. The Monte Carlo simulation result 4) of phase separation in Fe-Cr-Mo ternary alloys indicates that the decreasing rate in the number of FeCr pairs, which is closely related to the rate of phase separation, in the Fe-40 at%Cr-5 at%Mo ternary alloy is higher than that in the Fe-40 at%Cr binary alloy. This paper deals with asymptotic behavior of Cr in Fe-CrMo ternary alloys induced by the addition of Mo to an Fe-40 at%Cr binary alloy. Mechanism for acceleration of phase separation is investigated by using a theory on asymptotic behavior of substitutional elements in ternary alloys proposed by the present authors.
5)
2. Model
The Cahn-Hilliard equation for an Fe-Cr-Mo alloy
We consider one-dimentional case for simplicity. If the mobilities of Cr and Mo, M Cr and M Mo are not dependent on their positions in the space, the Cahn-Hillirad equation for an Fe-Cr-Mo ternary alloy is given by [6] [7] [8] 
where c Cr ðx; tÞ and c Mo ðx; tÞ are concentration fields of Cr and Mo elements, respectively, f 0 is the local free energy and K Cr , K Mo and L CrMo are gradient energy coefficients. Equations (1) and (2) yield 3)
With use of the regular solution model, the local free energy, f 0 , is written as
where R is the gas constant, T is the absolute temperature, FeCr , FeMo and CrMo are interaction parameters and f Fe , f Cr and f Mo are the molar free energies of pure Fe, pure Cr and pure Mo, respectively. From eq. (5) it follows that
Conditions of numerical simulations
Numerical simulations based on the Cahn-Hilliard Equation were performed for Fe-40 at%Cr-Mo ternary alloys. Concentration of Mo varies between 0 to 15 at%. The mobilities and the gradient energy coefficients for Fe-Cr-Mo ternary alloys are 6) 
where a 0 is the lattice constant, D Cr is the diffusion coefficient of Cr in Fe-50 at%Cr alloy and D Mo is the diffusion coefficient of Mo in Fe-50 at%Mo alloy. The following values for D Cr , and D Mo were used for simulation.
9,10)
The constant c 1 is an adjustable parameter which modifies time scale in order that good agreement between calculated and observed phase separation kinetics is obtained. (3) and (4) 
These functions satisfy the following conditions: Fe-40Cr-10Mo
Fe-40Cr-7.5Mo
Fe-40Cr-5Mo
Fe-40Cr-2Mo
Fe-40Cr-1Mo 
If the value of W CrMo is negative and its absolute value is larger than RT=c Fe , f With addition of large amount of Mo and/or with elapse of time, the absolute value of the first term(negative) in eq. (25) becomes larger, then phase separation of Cr is retarded.
The above discussion on the asymptotic behavior of Mo in Fe-40 at%Cr-Mo ternary alloy can be applicable to minor elements in ternary alloy systems such as Cr in Fe-40 at%Mo-Cr ternary alloys.
Conclusion
We proposed a mechanism for acceleration of phase separation induced by the addition of a small amount of Mo to an Fe-Cr binary alloy. 
